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The experimentel investigaticns on ohmic heating of a »lasnma
by means of a current directed along an intense magnetic field [1, 2]
show that instabilities develop within the »plasma, which cannot be explai-
ned within the framework of ideal magnctic hydrodynamics. In references
[?, 3] an interpretation of these phenomena is proposed on the basis of

xinetic theory of the so-called "ionic sound" oscillation build-up by
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electrons transfiering the o slong the ma-netic field. owever, the
arpezrance of such Iinctebility is only »noscible in an anisothermel plasma,

iz which the electrons are substantisllv hotter than the ions

e
An instability mecheanism within the framework of hvdrodynanics,
but taking into account the conductivity's finiteness, is provosed in refe-
rence [4]. The part of this instability diminishes in conditions, when the
length of electrons'! free path is comparable with the characteristic
i‘Qeq51ons of the set up.

In the following we shall examine a mechanism of instability,
whose appearance is not connected with olasma's anisothermicity, and with

a compulsory presence of a leongitudinal electric current.




27 thc instability is developed in a shoriter time than that of colliision ;
%) the freguency of swaying oscillations is c¢d¥siderably lower than the

ion cyclotron freguency
and the perturbation wavelengths are considerably ~mreater than the ion
Larmor radius K}; rH;
Ly H*8n <€ nMc2. .

Let the

E De everywhere directecd 2lonz the axis z,

and let us admit theaet tne magnitudes, charscterizing the stationary state
Ed

the plasma, vary in the direction x., ‘e shall examine the minor pertur-
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Then the corrections to e

condition 3) was substantially used

motion across the ma-netic fieli's

freguendse are lower than the Larmor ion

B Inasmuch as

frequency, and consequentlv also known to be lower than the Langmuir

icn frequency vlasma may be considered guesi neutral.
Then, in the eguat of swpece charze density

with that of the current j:6p/6§%—dhrj==0, we rizy drop the first term
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nsivy j is expreszed in the

- e - > Pal
hes by coefinition the form

niense fazuoelic field and

1y exvressed throush the

Ustatic! dielectric constant
g, ==dmnMc2/H2:
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oomay e intreduced in t

nroblem of interest to us: to consider the =3 eﬁt“lc field as votential
- R

E =-V¢ . This is vaiid vhen thc inegquality E:>—-wA is fulfilled, or,

expressimg A by rmeans of current's j densityv fron eguation ‘AA._-iL

For traﬂvversacomponents, an¢ using reletion (Z), the inequality

(&) may be reduced to the following :

This means that we are restricted to vperturbations provagating

with phase velocities considcrably lower

d‘

than

the Alfven velocity.

According to the cstimate, in whose deducticn we will not indulge on account
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eing too cumbersome, tiie longitudiral ccunonent is recduced to the
condition ,
kﬁ 4nnM T
dow, utilizing eguations (1) ~— (3), and the conditicn of
electric field's votentialitv, we shall obtain after simsle comuutztions

the following ecuaticn for scalsr potentizl ¥ perturbation

D F(oh x)o=0, \ (5)
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1le the intezreand poles ir this cupression rust he

In an honogenous plasma, (5) provides the known dispcrsion egua-

tion of ionic sound oscillations

¢ ovdo, T af '8,

irs :"1
Bm m dvz“ >+ Gv‘:_izo

4s to the nornuniiorm plzsma, the solutions of ecuation (5) for
® decrcasing hoth wars (vith x — £ 09) ruct be sesrchel for. Tocetier

witlh this recuirement, ecustion (5 determines the nroper values .

Local solutions near the polnt =z, w.ere

F(o, & x) =0. 6)
are soluticns of such a tyype.
In the neighborhood of such x, eguation (5) takes, generally

speaking, the forr" of Eyre egquation from & complex sr-ument ( since @ is

& counlex maxnitude). Such ecuztion has =c¢
o~ v A e vy A bl T N N
Trom the voint where Flw,k, x,) =20,
“furnins voint' in the SchrBiinger ecuatior

In the ecuation (&), playing ths
in a nonuniform plasra, the tern with ‘—%_-(fo;-fo,) : may beceme eifsctive
even small nonuniformity, provided &,> &,

The application of the described decductions to the case, w.en the

varticle distributiocn by velccities is :laxwellian
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(n and ? being funciions of coordinzte x), leads to tie followinz reocsults :
if n{xj =const., T{(x) 7 const., then for frecuencies in the

interval V~< <VT

and uncer thc condition
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providing the instability is &always present. Let uc rerark, that the

restriction to the frecuency interval
M k m?*

is, as is well known from the theery of ionic osciliations of a uniform
plcsma, equivalent to the hydrodymeic aprroximation in which the'adiabat

index for an el

[ye]

ctron gzas is ecual to the unity. It may be shown tha
the results of this point are includéed in the hy drodvn amic apprroach for a
nonuniform plasma too. Accordingly, the equation (7) does not

.-
fz.\/)

2, If T(x) =const, n(x) s const., the examinziicn of ation
(6) srows, that the availsble complex recdicals corruspond to the dauping of
oscillatio (stable plasma).

The instz2bility at veriable temperature may be intermreted in

e i
the foi.owing descriptive fashion: Trn a homogeincus nlasma, the "ionic electro-
static wave! represents oscillations (sound), provagating alonsg the lines of

force of the masnetic field H., In a nonuniform plasma (T (x) % const )

fode

in a "slanting" wave (k,,

xHY/H? leads to heat transfer. A direction of wave propagation, sign

ky ;EO),the transverse nmotion with the wvelocity

k R

~X. , may be chosen in such a naznner, that a continous heat inflow take
nlace in the phase of plasma "thickening! in the wave, when temperature
increases, from the region with a2 grezfer unverturbed temperature, This

woulc precisely counstitute the cause lcading to oscillation accretion,
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